From 1995 to 2007, flat racing data was collected for Thoroughbred and Arabian horses in Algeria. Nongenetic factors affecting racing performances have been identified and quantified using linear models. Performances are represented through the earnings and the rankings. Three traits were used: two earnings traits [the logarithm of annual virtual earnings (LAEV) and the logarithm of average annual virtual earnings per start (LAEV/S)], and one rank trait (the ranking transformed and normalised by application of the "performance rate" procedure, PERF). The results showed significant positive correlations (p < 0.001) between the three traits in the two breeds, showing that the measurements quantify similar -although different -aptitudes. The effects of sex, age, year of the performance and the interactions between age and sex and between age and year of the race turned out to be significant (p < 0.05) for the three traits LAEV, LAEV/S and PERF for the Arabian horses. However, for Thoroughbreds, the sex effect was only significant for the PERF trait and an interaction between the age and year of the performance was the only significant interaction (p < 0.001) for the LAEV trait. The effects of these nongenetic factors will be used to correct the raw measures in a future genetic evaluation.
INTRODUCTION
Flat racing in Algeria is a national tradition, which today needs to become more organized to stick to international standards and to face the laws of international competition. To that end, quantitative and qualitative assessment of the Algerian horses seems a necessary step. Qualitative assessment leads to the ideas of genetic evaluation of the potential of the animals, in order to be in a position allowing for reasoned choices to improve the overall quality of the population.
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therefore an important precondition. It is important to note here that the assessment of the genetic value of breeding animals has been applied to racehorses for many years and in many countries (Chico, 1994; Langlois, 1996; Belhajyahia et al., 2003; Langlois and Blouin, 2004; Sobczynska and Lukaszewicz, 2004; Svobodova et al., 2005; Bokor et al., 2007; Bakhtiari and Kashan, 2009; Orhan and Kaygisiz, 2010) . In Algeria, no selection program has been put in place and no assessment of the genetic additive value of breeding animals based on the performance of horses has been carried out till now despite the availability of reliable performance data. The selection of animals and the assessment of their breeding values are based on one or several measurable traits expressed during races. A great variety of performance measures have been studied for flat-racing: this includes race times Bakhtiari and Kashan, 2009; Orhan and Kaygisiz, 2010) , weight handicap (Langlois, 1980; Tolley et al., 1985) , the performance rate (Watanabe, 1974) , the final ranking (Belhajyahia et al., 2003; Svobodova et al., 2005; Bakhtiari and Kashan, 2009 ) and the annual earning as well as the average earning per start (Langlois and Blouin, 1998; Belhajyahia et al., 2003; Svobodova et al., 2005) . Estimates of the heritability of traits related to time have been generally low, varying from 0.01 to 0.11 (Chico, 1994; Orhan and Kaygisiz, 2010) . Consequently, most recent studies have been centered around traits linked to earnings or rankings, for which heritability (after convenient mathematical transformations) is higher (varying from 0.10 to 0.34), (Belhajyahia et al., 2003; Svobodova et al., 2005; Bakhtiari and Kashan, 2009) .
For that reason, various objective quantitative measures of earnings and of rankings will be described in this study. The raw measures are supposed to reflect not only the genetic potential of the horses but also the environmental conditions (non-genetic factors) in which these observations have been made. Numerous studies have shown that these non-genetic factors strongly influenced the earnings and ranking of horses in flatracing (Langlois and Blouin, 1998; Belhajyahia et al., 2003; Sobczynska and Lukaszewicz, 2004; Svobodova et al., 2005; Bokor et al., 2007; Bakhtiari and Kashan, 2009 ). In order to be able to estimate the genetic potential (breeding value) of the individuals, it is therefore important to determine the part played by the environment in the performances in the Algerian conditions. This article is devoted on one hand to the estimation of phenotypic correlations between the used traits, in order to deduce what is common between these different performance measures and what is specific to each measure, and on the other, to the estimation of the impact of non-genetic factors such as sex, age, year of performance and their interactions.
MATERIALS AND METHODS

Performances database
The used data comes from results published monthly by the Algerian horse racing society and contains the results of gallop races over a 13 years period spanning 1995 to 2007. This data includes information relative to each horse involved in a race (name, sire, dam, age and gender), information on the race (date of the race, the final rankings, the earnings and other informations). An interesting feature of the dataset is that results of all the participants to the race are provided, although the earnings are only attributed to the five first horses. Encoding this dataset produced 36492 results for the Arabian horses (a result corresponds to the performance of a horse in a race) obtained with 913 horses in 3086 races. The data for the Thoroughbred horses added 17790 results, obtained with 1032 horses in 2055 races.
Results for two-years horses, for which specific purses systems are used to promote their use, were removed from this study in order to eliminate the biases introduced by these special policies. Information on the genealogy was obtained from the Arabian horse Algerian stud book, recognized by international authorities such as the WAHO (World Arabian Horse Organization), while genealogy for the Thoroughbred was not available.
The used traits
The collected dataset allowed us to obtain traits linked to the earnings and to the final rankings of the horses in the races. Note that these traits provide distinct information: a second place in a good race (that is, with large earnings) might be better than a first place in a less prestigious competition.
In our analyses, we have applied the virtual earnings method of Chico (1994) for the horses obtaining no earning (that is, ranked above the fifth place). The principle is to attribute fictitious earnings to these horses, equivalent to 50% of what the preceding horse obtained, as is the case for the real earnings of the top five horses. This approach has allowed us to gain considerable information concerning the horses that ran but that did not qualify to gain money.
Other synthetic variables have been calculated for each horse, such as the annual virtual earning (AEV: total sum won per year), the total number of starts during a year, the average annual virtual earning per start (AEV/S: total sum won per year/ the total number of starts in the year), as well as the annual ranking (average annual ranking).
Statistical analysis
Logarithmic transformation of earnings
Given the way the earnings are attributed, the distribution of earnings is not normal and logarithmic transformation will be needed to assume a normal behaviour for this trait (Langlois, 1975) . A logarithmic transformation was applied to the annual virtual earnings (LAEV) and the average annual earnings (LAEV/S), to allow their use in classical statistical analyses.
Transformation of the rankings
The ranks, varying from 1 to n, do not follow a normal distribution. To make it normal, this variable was transformed using the method of Langlois (1984) , (Langlois, 2007) which is based on the performance rate and used, for example, by Belhajyahia et al. (2003) , Svobodova et al. (2005) and Bakhtiari and Kashan (2009) . The principle is to attribute to each horse i a score Sij for the race j. The used score is a normalized score called the Blom score (Leroy and Farnir, 2002) , integrating the fact that, given horses of the same level, it is generally more difficult to obtain a good ranking in a race where the number of participants is higher than in one where this number is lower. It is calculated through the formula:
Where, rij is the rank of the horse i in the race j, nj is the number of participants in the race j,  -1 is the inverse standard normal cumulative distribution function, transforming probabilities into standard normal variable values.
Once the rank has been transformed into normalized performance, the level of the race must be taken into account, which is a simple function of the level of the competitors in that race. Therefore, two identical scores obtained by a horse in two events of different levels would correspond to different performances of the animal. The performance Pij of the horse i in race j could be represented by the addition of its score and the level of the event:
The level Ej of race j is taken to correspond to the average of the values Ck of the horses that took part in that race:
Finally, the value Ck of a horse is estimated as the average of its performances Pij in the mk races in which it has participated:
Initializing the values of the variables with a well-chosen value, we can, by successive iterations, obtain a stable estimator of the performances Pij and a stable estimator of the value of horses Ck, which shall be used as traits in the remainder of this work. This value Ck could be calculated on the whole career of the horse so providing one unique estimator per horse. Alternatively, annual Ck values could be computed for each horse by using in the calculation only the races of the tested year. This later approach was followed in this study, meaning that horses have several (annual) observations for the PERF trait.
Statistical analyses of the transformed traits
The performance traits which have been analyzed in this study are the logarithm of annual virtual earnings (LAEV), the logarithm of average annual virtual earnings per start (LAEV/S) and the ranking value (PERF). The statistical analyses were carried out using SAS software (Statistical Analysis System, version 9.1.3). Descriptive statistics were obtained for the various traits. To analyze the effect of non-genetic factors, a linear fixed effects model was adjusted to the data and analyzed with the General Linear Models (GLM) procedure. The correlations between the three performance traits (LAEV, LAEV/S, and PERF) were obtained using the CORR procedure of SAS software.
The mathematical model used for the Arabian and Thoroughbred horses
Yijkn =µ + Si + Agj + Ank + Si * Agj + Si * Ank + Agj * Ank + eijkn Where, Yijkn = LAEV, or LAEV/S or PERF of the n th horse of sex i, of age class j, in the race year k; µ = general average; Si= fixed Tennah et al. 14509 effect of the sex i (2 classes F and M); Agj= fixed effect of the age j (6 classes: 3, 4, 5, 6, 7 and > = 8 years); Ank= fixed effect of the race year k (13 years: from 1995 to 2007); Ai * Bj = interaction between the levels i of the effect A and j of the effect B; eijkn= residual random effect. Since all traits are measured over all the races of each year, the age used is the age of the animal at the start of the considered year. The two-way interactions between the 3 factors were studied, and only those which were significant have been kept in the final model. For the three traits, the data distribution in the different classes of fixed effects is given in Table 1 for both breeds. The portion of the variation due to the model is provided through the coefficient of determination (R²).
RESULTS
Transformation of earnings (LAEV and LAEV/S) and rankings
Descriptive statistics of the results of the transformation of earnings (LAEV and LAEV/S) and rankings (PERF) are given in Table 2 .
Relation between the 3 studied traits
The correlation between LAEV, LAEV/S and PERF are given in Table 3 . They are of the same order of magnitude for the Arabian and Thoroughbred horses, and are all significantly (p < 0.001) positive and high.
Descriptive statistics of the racing results for the Arabian and Thoroughbreds horses
The number of observations, the average, and the standard deviation of the values LAEV, LAEV/S and PERF are given in Table 2 . It is to be noted that the earnings are expressed in (logarithms of) Algerian dinars (for example, the average of the annual virtual earnings logarithm (LAEV), 10.38, corresponds to 32209 Algerian dinars).
Estimation of non-genetic effects
Part of the variation of the three traits explained by the effects of the environment
The results of the analyses presented in Table 4 show significant effect (p < 0.001) of sex, age and year of race for LAEV, LAEV/S and PERF in the case of the Arabian horse. The same applies to the Thoroughbred horses with the exception of sex which has no significant effect on the two earnings traits (p > 0.05). An interaction between the age and year of the race is significant for the three traits in the case of the Arabian horse and for LAEV in the case of the Thoroughbred horse. An interaction between age and sex is significant only for the Arabian horse and for the PERF trait. All these significant effects represent only modest parts of the total variation, with a highest contribution of only 13% for the PERF trait in the Arabian horse.
Effects of the sex, the age and the year of the race
The least squares means relative to the effects of sex, age, and the year of the race in the two breeds are given in Table 5 .
Sex effect
The superiority of the males over the females (p < 0.05) can be observed for LAEV, LAEV/S and PERF in the case of the Arabian horse: the females obtain, on average, fewer earnings than those obtained by the males and also have lower ranking values than those of the males. In the case of the Thoroughbred horses, the same tendency is observed although only significant for PERF (p < 0.05).
Age effect
Figures 1a and 1b illustrate the effect of the age of the horses on the three traits. In the case of the Arabian horse, Figure 1a shows that the effect of age is similar for the three traits. The performances improve with age, reach a plateau between 5 and 7 years (mature age), and then decline. The difference between the horses of mature age (5 to 7 years) and the youngest (less than 4 years) or older horses (8 years and more) is significant (p < 0.05) while the difference between the older and younger horses is not significant (p > 0.05). A more indepth analysis was carried out in order to compare the performances of younger and older horses: ages 8, 9, 10, and 11 and higher were compared with the age of 3 year old leading to the same conclusions. The performances continue to decline with age; however there are no significant differences between the ages of 3 and those of 8, 9, 10, and 11 years and more for the three traits. It is to be mentioned that the seemingly sharp drop after 7 years is an artefact due to the pooling of the oldest horses, the reality being a more progressive decline with age after 8 years. Figure 1b shows that similar profiles can be observed in the case of the Arabian horses except for an earlier deterioration of performances in the Thoroughbred horses (after 5 years). The difference between the horses of (4 to 5 years) and the youngest (3 years) is significant for PERF (Table 5 ). The difference is significant between the horses aged from (4 to 5 years) and those aged 7 and older, for all the variables. The difference between the old horses (8 years or more) and the youngest horses (3 years) is also significant (p < 0.05).
Year of the race effect
Figures (2a) and (2b), based on the least squares means shown in Table 5 , illustrate the effect of the year of the race on the Arabian and Thoroughbred horses, respectively. In Arabian horses, the LAEV and LAEV/S, although fluctuating, have a significant linear growth (p = 0.026 and p < 0.001, respectively), with respective annual increases of 5.2 and 8.6% and respective R² of 0.37 and 0.84 (Figure 2a ). For PERF, the linear regression is not significant (p = 0.335), and the residual variation is very high (R² = 8%).
Results are similar for Thoroughbred horses, with significant (p = 0.015 and p = 0.0001) linear regressions of the least square means of the earnings (LAEV and LAEV/S) on the race year, corresponding to respective annual increases of the earnings of 6.7 and 7% and to R² of 0.43 and 0.75 (Figure 2b) .
Linear regression for PERF is again not significant (p = 0.383) and the coefficient of determination is very weak (R² = 7%).
Effect of the interactions: Sex* age and age* year
As shown in Figure 3 for Arabian horses, PERF difference between males and females remains approximately constant when the age of the animals increases, to drop after 7 years, with, at this age, the performances of males declining more rapidly than those of the females. Table 6 shows the interaction between the age of the horses and the year of the performance: performances of Arabian horses significantly (p < 0.05) increase with the year of performance only for the young animals (3 to 4 years for LAEV, 3 to 5 for LAEV/S and 3 for PERF) while it remains stable deteriorates for older animals. Interestingly, the behaviour of Thoroughbred horses is very different, with only a significant increase of LAEV with the year of performance observed for older animals (7 to 8 years).
DISCUSSION
Correlations between logarithm of annual virtual earnings (LAEV), logarithm of average annual virtual earnings per start (LAEV/S) and ranking value
The high observed correlations (Table 3) confirm the results obtained by Belhajyahia et al. (2003) in the case of the Arabian horse, and those reported by Chico (1994) and Bugislaus et al. (2004) in the case of the Thoroughbred horses. Although the correlations between the traits are high, each trait reveals a different facet of the quality of a horse. The interest in using several traits is to take these various aspects into account. For example, we can criticize the use of earnings per start for the horses that have only one start: if, by chance, these horses obtain a good ranking, this performance trait can be overestimated as it is the result of one observation. It is more interesting to obtain the same result with several races. In this case, the total earnings trait will differentiate the two situations, with higher total earnings for the horse participating to several races. The total earnings can also be open to criticism: a horse that has several observations taken in low-level races can accumulate high earnings. Yet it is without doubt more beneficial to obtain these same earnings by being placed less often in more difficult events. All of these cases seem to have been relatively rare in view of the high correlations that we obtained. The three traits express similar potential and boil down to a single reality: the rankings of the horses in the races, eventually weighted by the quality of the race (PERF). These rankings therefore seem to be essential in the assessment of the performance of racehorses. The choice of phenotype for estimation of the breeding values of breeding horses will ultimately depend on selection objectives. The ranking value, when statistically normalized and transformed (PERF) seems a reasonable approach of the real rank of the horses, especially in our situation where the rankings are available for all the horses taking part to the races. It allows for a hierarchical ranking of all the horses, even if they have not met directly with each other. Another point of interest is that the transformed ranks presents a great advantage for international comparisons, because it is the same in all countries (Tavernier, 1990) . The situation is different with earnings; indeed, the latter causes the level of the race to depend on the differences in prize money alone, without taking differences in quality between the involved horses into account. These prizes money depend on the national funding policy for racing and these policies might vary from one country to another. However, the earnings are also considered useful by the breeders to estimate the level of performance of the horses (Langlois and Blouin, 2004) and are a major objective of breeders as well as a criterion for comparison at the national level.
Effect of the non-genetic parameters on the different traits
Although significant, the part of the total variation of performance traits explained by the model (including the (Table 4) . These weak R² values found in our study were also reported by Langlois (1975) and Langlois and Blouin (1998) . All the significant fixed effects only explain a small part of the variation in the three performance traits. This means that other factors such as the jockey, the trainer and the owner influence the synthetic performances of the horses. In any event, in practice, the estimation of effects linked to the trainer and the owner is not always possible, because the majority of trainers and owners only own and train one horse, making their effect undistinguishable from the animal effect. In literature, Sobczynska and Lukaszewicz (2004) , Svobodova et al. (2005) were not able to estimate the effect of the jockey; however, Oki et al. (1995) reported in their study that the talent of the jockey had a significant effect on the race time for different distances and different types of race tracks. In our dataset, the effect of the jockey is difficult to estimate. To separate it from the horse effect, it would be necessary to have either a single jockey riding several horses, or reciprocally, the same horse mounted by several riders. Preisinger et al. (1990) underlined the fact that the trainer is also an important non-genetic factors that should be taken into consideration. A risk in the evaluation of trainers is that horses are not allocated randomly to trainers: in reality, the best trainers are likely to train the best horses. Another potential problem is that a large number of horses per trainer is necessary in order to have a reasonable estimation, so introducing difficulties for a vast majority of trainers who only have observations on one (or very few) horse(s). An additional problem is the frequent stable change of horses, which could happen during the year, possibly several times (Langlois, 1982) .
The owner factor is generally not taken into account in the statistical analyses, which might not be an issue according to certain authors (Langlois, 1975) who suppose that the majority of breeders of race horses have favourable breeding conditions at their disposal and are thus comparable.
Sex effect
For the three traits, in the case of the Arabian horse, the effect of sex was significant and was the most important of all the studied factors, especially for the PERF trait (Table 4) . Our results agree with those found in the literature (Belhajyahia et al., 2003; . The differences in the race performances between the sexes are generally a reflection of the difference in the physiology of the males and females during the race (Jelinek, 1988) . The effect of sex for the Thoroughbred horse was significant only for the PERF (Table 4) , although with a modest contribution to the explanation of the observed variation. Some authors reported a significant effect of sex on the performance traits of earnings and rank for the Thoroughbred Svobodova et al., 2005; Bokor et al., 2007) while some other did not find any evidence of a sex effect (Bakhtiari and Kashan, 2009 ). This absence of sex effect in Thoroughbred horses in our study, in contradiction with the results of other studies, could be due to errors regarding the publication of the sex of horses in raceresults by the racing society. Indeed, it was not possible for us to verify the information on these horses for the published results due to non-availability of the stud book for the Thoroughbred in Algeria, as we did for the Arabian horse. An indication that there could have been coding errors for the sex of the animals in the results is the significant unbalance between the numbers of males and females in this dataset (Table 1) .
Age effect
In Arabian horses, the race performances improve between 3 and 7 years then, there is a tendency towards decline. Our interpretation is that the young horses (age < 4 years) have not had the chance yet to express their full potential and consequently, have worse performances than those of older horses. Belhajyahia et al. (2003) , reported a significant age effect on rank and earnings.
The results that we found for the Thoroughbred horses match those in the literature (Langlois and Blouin, 1998; . Indeed, performances improve with age, and then start to decline again. The age seems optimal around 5 years, and then the horses start to have worse results. The decline in performances with age could be partially explained by injury problems, lameness as well as osteo-articular problems caused by several years of racing. Indeed, several studies have found that the risk of injury increases with age (Williams et al., 2001) . On the other hand, Pieszka et al. (2011) concluded that limb injuries are significantly more common in Thoroughbred race horses than in Arabians. Bailey et al. (1998) stated that horses of 4 or 5 years were 1.5 times more likely to suffer from an injury in relation to those who were aged from 2 to 3 years, the ratio going to 2 for horses of 6 years and more.
Another age effect should be mentioned: a common practice in horse breeding is to withdraw from the competitions horses with high performances at a young age. The rationale behind that behaviour is that these horses are expected to have a high potential for reproduction, with higher earnings to be obtained from reproductive activities than from the races themselves. Although this obviously introduces a bias in the estimation of the genetic values of these individuals, it also underlines the need for objective estimation procedures, which are one of the objectives of the present preliminary study.
Year effect
In the case of both the Arabian and Thoroughbreds horses, the earnings performances increased during the years 1995 to 2007. These annual variations of LAEV and LAEV/S could be explained by the variation in the purses with the years, in which a major part is played byinflation, as can be checked by adjusting the earnings for the observed inflation rates for those years (results not shown). The effect of the year on the earnings traits was also reported in various studies, with results similar to ours (Langlois and Blouin, 1998; Belhajyahia et al., 2003; Svobodova et al., 2005; Bokor et al., 2007) .
With regard to the significant effect of the year on the PERF trait in the two breeds, the "sawteeth" profile does not allow to identify any clear and stable trend with the year. These results could be due to other varying environmental conditions, such as training, breeding techniques, absence of training for trainers and jockeys, regular use of the horses among others. Another potential explanation of the profile could be the importation of racehorses by the Algerian government for years but not others.
An effect of the year on the rank was also recorded in various studies (Svobodova et al., 2005; Bokor et al., 2007) , while other (Belhajyahia et al., 2003; did not find any evidence of a year effect on this trait.
Interactions effect
The interaction between the sex and the age for PERF in Arabian horses is mainly due to a decline in the performances of the males aged over 7 years. This decline could possibly be explained by the differing productive lives trajectories between males and females: indeed, since females are withdrawn from racing for a certain period for reproduction, they presumably could perform longer and better than the males who continue racing and have more racing seasons than the females of the same age. Finally, it should be noted that a significant effect of interaction sex * age was demonstrated in other studies (Langlois and Blouin, 1998) .
The interactions between the age of the animals and the year of the race for the Arabian horse for LAEV and LAEV/S, are essentially due to the politics of race purses that varies according to age over time and is combined with the effects of inflation (which explains the increase in estimates with year). Indeed, the purses of races vary with the year according to different age groups of horses. The interaction age * year for the PERF trait could be explained by politics of race in the recruitment of young horses and the withdrawal of the oldest. Indeed, the selection of young horses for the race is after their first year of racing at 2 years. The first years of racing are more and more reserved as a "test bench" for future racehorses. However, the promotion of young horses depends on the sports policy which varies with the years. The situation is similar and also dependent on political decisions for the retirement of older horses from 8 year of the racecourse. For the Thoroughbred horses, the interaction between the age and year observed for LAEV could be explained by the nature of importation of this Tennah et al. 14517 breed into Algeria; It should be noted that the Thoroughbred horses are imported having already had a sporting career of 3 or 4 years of racing average in their country of origin (MADR, 2009) . However, the ages of imported horses vary with the years. These imported horses benefitted from a better training than the Thoroughbred horses born and raised in Algeria. This would somehow indicate that the other environmental factors and particularly training have improved less with the years in Algeria than in exporting countries. A significant interaction between age and year has also been reported in other studies (Langlois and Blouin, 1998) .
Conclusions
The results of correlations found between the three traits show that, overall, they take account of similar aptitudes which justifies the use of multiple traits to correctly define all the facets of the horse. This study on the subject of the performance racing of Arabian and Thoroughbred horses involved in flat racing has shown the significant effect of non-genetic factors such as sex, age, year of the race and the interactions between these factors, on the earnings traits (LAEV and LAEV/S) and ranking value (PERF). The demonstrated effects of the non-genetic factors indicate the need to adjust the earnings and ranks in the context of a program for genetic improvement of horses in Algeria.
